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1
HYDRAULIC STEPLESS TRANSMISSION

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates to a hydraulic stepless trans-
mission and more particularly to a technique of controlling
swash plate angles of movable swash plates of a hydraulic
pump and/or a hydraulic motor forming the hydraulic stepless
transmission.

2. Background Art

Conventionally, there 1s a known structure of a hydraulic
stepless transmission (hereafter abbreviated as “HST™)
formed of a hydraulic pump and a hydraulic motor, in which
a hydraulic servo mechanism controls tilting of movable
swash plates of the hydraulic pump and the hydraulic motor to
regulate capacities of variable displacement-type hydraulic
pump and hydraulic motor. As a structure of the hydraulic
servo mechanism, a mechanism (automotive control) 1n
which a solenoid valve mounted to the hydraulic pump or the
HST automatically tilts the movable swash plates 1n propor-
tion to 1ncrease of a rotational speed of the hydraulic pump, a
mechanism (manual servo control) in which a speed change
operation lever mounted to an outer portion of the HST oper-
ates the movable swash plate of the hydraulic pump, and the
like are known.

On the other hand, the HST having a mechanism (load
control mechanism) for carrying out speed control 1n such
manners as to reduce a traveling speed of a work vehicle when
a load of an engine 1s a set value or greater, and to make the
traveling speed a set speed when the load of the engine 1s the
set value or smaller 1s known. To put it concretely, the mov-
able swash plate of the HS'T (hydraulic pump) 1s shifted to a
speed reducing side so that a work load does not exceed a
predetermined value to thereby prevent stalling.

As the HST having such hydraulic servo mechanism and
load control mechanism, there 1s an HST as disclosed in
Patent Document 1, for example.

This HST includes a variable displacement-type hydraulic
pump and two hydraulic motors operated by hydraulic o1l of
the hydraulic pump. At least one of the two hydraulic motors
1s a variable displacement-type hydraulic motor and an output
combining mechanism for combining respective output rota-
tions of the two hydraulic motors to result 1n a single output
rotation 1s provided. With this structure, the output rotation of
the variable displacement-type hydraulic motor 1s adjusted to
substantially double output torque to increase the maximum
torque 1n the HST.

The HS'T disclosed 1n the Patent Document 1 includes a
hydraulic servo mechanism 1n which a speed changing valve
switches a speed changing cylinder interlocked with a mov-
able swash plate to t1lt the movable swash plate 1n the hydrau-
lic pump and the movable swash plate of the hydraulic motor
can be tilted. With this structure, 1f load torque on the engine
increases during work of the work vehicle at a slushy place or
the like, the movable swash plate of the one hydraulic motor
formed as the vaniable displacement-type motor 1s tilted to
thereby increase low-speed torque to perform speed control
ol the work vehicle.

A prior-art structure of a hydraulic stepless transmission
having a feedback circuit using a shuttle valve will be
described.

FI1G. 19 shows a hydraulic circuit of the prior-art hydraulic
stepless transmission having the feedback circuit using the
shuttle valve.

In the feedback circuit 1n the prior-art hydraulic stepless
transmission, hydraulic o1l 1s fed back to load control mecha-
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nisms 4, 4b and 104 as pressure in a main circuit connecting
a hydraulic pump and a hydraulic motor via a shuttle valve

204c.

Patent Document 1: Japanese Patent Application Laid-
open Publication No. 2004-11769

BRIEF SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

In the HST disclosed 1n the above Patent Document 1, the
above-described feedback of the pressure 1n the main circuit
to the load control mechanisms can be electrically turned on
and ol and the pressure in the main circuit 1s always fed back
to the load control mechanisms. Therefore 1t 1s difficult to
make working pressure different between forward travel and
reverse travel.

In the hydraulic stepless transmission having the feedback
circuit using the shuttle valve, the pressure applied between
the hydraulic pump and the hydraulic motor acts on the load
control mechanmisms and therefore the load control mecha-
nisms are actuated in the same way for the hydraulic stepless
transmission in forward travel and reverse travel. It 1s impos-
sible to exert sullicient efficiency when different operations
are carried out 1n forward travel and reverse travel by using
work machines or 1n a structure 1n which a reverse-side pump
capacity 1s smaller than a forward-side pump capacity.

Therefore, the invention relates to the hydraulic stepless
transmission and solves the above prior-art problem. Objects
of the invention are to easily make output characteristics
different between forward and reverse travel and to obtain
elficient output characteristics in the existing hydraulic step-
less transmission.

Means for Solving the Problems

To solve the above problems, the present invention adopts
the following means.

The invention 1s a hydraulic stepless transmission formed
by connecting a hydraulic pump and a hydraulic motor by a
hydraulic circuit, wherein at least one of the hydraulic pump
and the hydraulic motor includes a hydraulic servo mecha-
nism for carrying out capacity control of at least one of the
hydraulic pump and the hydraulic motor and a load control
mechamism for both forward and reverse travel and for con-
trolling the hydraulic servo mechanism to a speed reducing
side when pressure 1n the hydraulic circuit 1s high, feedback
pressures are introduced into the load control mechanism
from a first portion of the hydraulic circuit that 1s a discharge
side of the hydraulic pump 1n forward travel and a second
portion of the hydraulic circuit that 1s a discharge side of the
hydraulic pump 1n reverse travel, and a pressure regulating
valve 1s provided between the load control mechanism and
the first portion or between the load control mechanism and
the second portion to make the feedback pressure from the
first portion and the feedback pressure from the second por-
tion different.

In the mvention, the pressure regulating valve 1s mounted
from outside the hydraulic stepless transmission and includes
a pressure regulating member to be able to regulate set pres-
sure.

In the invention, the load control mechanism includes: a
piston; a first o1l chamber which 1s on one side of the piston,
and 1nto which the feedback pressure 1s introduced; a second
o1l chamber which is on the other side of the piston and into
which back pressure 1s mtroduced; and a one-way throttle
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valve providing an o1l path communicating with the second
01l chamber to throttle discharge of hydraulic o1l from the
second o1l chamber.

In the invention, the one-way throttle valve 1s of a cartridge
type and the one-way throttle valve can be directly detached
from outside the hydraulic stepless transmission.

Eftects of the Invention

With the structure of the hydraulic stepless transmission
according to the invention, 1t 1s possible to obtain different
characteristics between forward travel and reverse travel 1n
relation to capacity control of the hydraulic pump and/or
hydraulic motor by the hydraulic servo mechanism.

The set pressure of the pressure regulating valve can be
casily regulated by using a member such as a shim as a
pressure regulating member and mounting the shim 1n a plug
or the like forming the pressure regulating valve mounted to
the o1l path plate or the like of the hydraulic stepless trans-
mission from outside and it 1s possible to achieve optimum
load control of the hydraulic servo mechanism.

With the structure of the hydraulic stepless transmission
according to the invention, 1t 1s possible to carry out tlow rate
control of the hydraulic o1l around the piston, even 1t the
piston of the load control mechanism has a small diameter.

With the structure of the hydraulic stepless transmission
according to the invention, it 1s possible to improve maintain-
ability of the load control mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a bottom view of a hydraulic stepless transmis-
S1011.

FIG. 2 1s a partially-sectional bottom view of the hydraulic
stepless transmission.

FIG. 3 1s a partially-sectional front view showing an overall
structure of the hydraulic stepless transmission.

FI1G. 4 1s a partially-sectional front view showing a struc-
ture of an o1l path plate in the hydraulic stepless transmission.

FIG. 5 1s a hydraulic circuit diagram of the hydraulic step-
less transmission.

FIGS. 6(a) and 6(b) are drawings showing a structure of a
pressure regulating valve.

FI1G. 7 1s a graph showing a relationship between traction
by the hydraulic stepless transmission and a vehicle speed in
torward and reverse travel.

FI1G. 8 1s a hydraulic circuit diagram showing a structure in
which pressure regulating valves are disposed on a forward
side and a reverse side.

FIG. 9 1s a graph showing a relationship between the trac-
tion and the vehicle speed 1n forward and reverse travel in the
hydraulic circuit shown 1n FIG. 8.

FI1G. 10 1s a partially-sectional front view showing an over-
all structure of a hydraulic stepless transmission in an
embodiment 2.

FIG. 11 1s a diagram showing a hydraulic circuit of the
embodiment 2.

FI1G. 12 1s a side sectional view showing load control of a
pump and a motor.

FIG. 13 1s a front sectional view showing a load control
mechanmism of the motor.

FIGS. 14(a) to 14(¢) are schematic diagrams showing
adjustment of a position of a pin by a piston.

FIGS. 15(a) to 15(d) are drawings showing a large-diam-
eter portion of the piston.

FIG. 16 1s a drawing showing a mounted state of a slow
return valve.
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FIG. 17 1s a side sectional view showing an inside of the
slow return valve.

FIGS. 18(a) to 18(¢) are schematic drawings showing an
operational structure of the slow return valve.

FIG. 19 1s a hydraulic circuit of a prior-art hydraulic step-
less transmission having a feedback circuit using a shuttle
valve.

DETAILED DESCRIPTION OF THE INVENTION

The present invention forms a hydraulic stepless transmis-
sion used for a work vehicle, 1n which a difference 1n dis-
charge capacity 1s provided between a forward side and a
reverse side and working pressure can be set for load control
mechanisms in reverse travel so that engine performance can
be exerted effectively.

Embodiment 1

<(General Structure>

A work vehicle according to an embodiment of the mven-
tion will be described.

FIG. 1 1s a bottom view of a hydraulic stepless transmis-
S1011.

FI1G. 2 1s a partially-sectional bottom view of the hydraulic
stepless transmission.

FIG. 3 1s apartially-sectional front view showing an overall
structure of the hydraulic stepless transmission.

FIG. 4 1s a partially-sectional front view showing a struc-
ture of an o1l path plate 1n the hydraulic stepless transmaission.

FIG. 5 1s a hydraulic circuit diagram of the hydraulic step-
less transmission.

A hydraulic stepless transmission (hereafter abbreviated as
“HST™) 1 according to the present embodiment can be used
for a work vehicle such as a tractor for farm work. In the
following embodiment, a case 1n which the HST 1 1s mounted
on a work vehicle having a loader work machine will be

described.

First, a general structure of the hydraulic stepless transmis-
s10n according to the invention will be described below.

As shown 1 FIGS. 1 to 3, in the HST 1, a hydraulic pump
10 and a hydraulic motor 11 both of which are of a vaniable
displacement type are enclosed 1n a housing 12. Besides
them, provided in the housing 12 are hydraulic servo mecha-
nisms 2 as mechanisms for regulating swash plate angles of
movable swash plates of the hydraulic pump 10 and hydraulic
motor 11 to control output rotations of the respective hydrau-
lic pump 10 and hydraulic motor 11, a neutral position retain-
ing mechanism 3 (maximum swash plate position retaining
mechanism 103), load control mechanisms 4, 104, and the
like. The hydraulic servo mechanisms 2, the neutral position
retaining mechanism 3 (maximum swash plate position
retaining mechanism 103), and load control mechanisms 4
and 104 are provided 1n pairs to the hydraulic pump 10 and
hydraulic motor 11.

i

The hydraulic servo mechanism 2, the neutral position
retaining mechamsm 3, and the like of the hydraulic pump 10
will be described below unless otherwise specified. In the
embodiment, these structures (the hydraulic servo mecha-
nisms 2, the neutral position retaining mechanism 3 (maxi-
mum swash plate position retaimning mechamsm 103) dis-
posed at the hydraulic pump 10 and hydraulic motor 11 are
substantially the same structures.

Both of the hydraulic pump 10 and hydraulic motor 11 are
of the vaniable displacement type 1n the embodiment. At least
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one of them may be of the variable displacement type and the
other may be of a fixed displacement type.

Here, the variable displacement-type hydraulic pump 10 1s
formed of an input shaft, a cylinder block, a plunger, the
movable swash plate 1n contact with the plunger, and the like.
A head portion of the plunger 1s in contact or engaged with the
movable swash plate to change a sliding amount of the mov-
able swash plate to thereby adjust a discharge rate of hydrau-
lic o1l from the hydraulic pump 10. The variable displace-
ment-type hydraulic motor 11 1s formed of a cylinder block,
a plunger, and a movable swash plate 1n contact with the
plunger similarly to the variable displacement-type hydraulic
pump 10. A head portion of the plunger 1s 1n contact or
engaged with the movable swash plate to change a sliding
amount of the movable swash plate to thereby adjust a suction
rate of hydraulic o1l to the hydraulic motor 11. The hydraulic
pump 10 and hydraulic motor 11 are arranged side by side
substantially parallel on the same face of an o1l path plate 210
and hydraulic o1l 1s supplied from the hydraulic pump 10 to
the hydraulic motor 11 via a main circuit 13.

With this structure, driving force from an engine of the
work vehicle 1s input to the input shaft to drive the hydraulic
pump 10. The pressure o1l discharged by the driving force of
the hydraulic pump 10 1s supplied to the hydraulic motor 11.
The hydraulic motor 11 1s driven by supply and discharge of
the pressure o1l and driving force of the hydraulic motor 11 1s
transmitted to an output shaft.

Next, the hydraulic servo mechanism 2 will be described.

As shown 1n FIG. 3, 1n the HS'T 1, the hydraulic pump 10
and the hydraulic motor 11 are arranged side by side in upper
and lower positions. The hydraulic servo mechanism 2 for the
hydraulic pump 10 1s disposed on one side of the hydraulic
pump 10 and the hydraulic servo mechanism 2 for the hydrau-
lic motor 11 1s similarly disposed on one side of the hydraulic
motor 11 and below the hydraulic servo mechanism 2 for the
hydraulic pump 10. Each hydraulic servo mechanism 2 1s
formed of a piston 21, a spool 22 disposed in the piston 21,
and the like. The hydraulic servo mechanisms 2 are housed 1n
the housing 12 of the HST 1 and respectively formed inte-
orally.

The hydraulic servo mechanism 2 includes the piston 21 in
which the spool 22 1s mounted. To put 1t concretely, a cylinder
chamber 24 1s formed 1n the housing 12 and at a side portion
of the movable swash plate of the hydraulic pump 10, the
piston 21 1s housed in the cylinder chamber 24, and a side face
of the piston 21 and a side portion of the movable swash plate
are connected by a sliding piece 25. A through hole 1s formed
at a position of an axial center of the piston 21 and the spool
22 15 slidably fitted 1n the through hole.

The piston 21 1s formed with an o1l path through which an
upper portion and a lower portion of the cylinder chamber 24
communicate with each other in FIG. 3. By sliding of the
spool 22, the o1l path 1s opened or closed to send the pressure
o1l 1nto o1l chambers above and below the piston 21 to thereby
cause the piston 21 to slide up and down.

A fitting groove 26 1s formed at an outer periphery of a
lower portion of the spool 22 and one end portion 27q of a pin
277 as a speed change drive member of the spool 22 1s fitted 1n
the fitting groove 26. The other end portion of the pin 27 1s
pinched by a torsion spring 28 forming the neutral position
retaining mechanism 3 and the like which will be described
later. The one end portion 27a of the pin 27 1s inserted 1nto the
housing 12 through an opening 12q and an opening 21a open
in side faces of the housing 12 and the piston 21 and 1s fitted
in the fitting groove 26 as described above.

By turning a speed change lever 29 of the hydraulic servo
mechanism 2 interlocked and coupled with the pin 27, the pin
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27 moves 1n a vertical direction (vertical direction 1n FIG. 3)
against a biasing force of the torsion spring 28 and the spool
22 moves 1n the vertical direction as the pin 27 moves. In this
manner, by shiding the spool 22 of a manual swash plate angle
control valve 23 to change the o1l path to slide the piston 21,

the movable swash plate (not shown) 1s tilted to change speed
of the HST 1.

<LLoad Control Pressure Regulating Valve>

Next, by using a hydraulic circuit shown 1n FIG. 5, a load
control structure of the HST will be described.

Discharge rate control of the hydraulic pump 10 1s carried
out by controlling the swash plate angle of the hydraulic
pump 10 through the servo mechanism 2 on the left side in
FIG. 5. The speed change lever 29 1s connected to the servo
mechanism 2 to operate the spool 22 of the servo mechanism
2. The speed change lever 29 shown on the left side in FIG. 5
1s a forward and reverse operation lever, makes a switch
between forward travel and reverse travel of the work vehicle,
and adjusts the speed of the vehicle. The neutral position
retaining mechanism 3 1s connected to the hydraulic pump 10
to bias the swash plate of the hydraulic pump 10 to a neutral
position. In the embodiment, the neutral position retaining
mechanism 3 comes 1n contact with the speed change lever 29
to retain the swash plate of the hydraulic pump 10 1n the
neutral position with elasticity.

Furthermore, the hydraulic pump 10 1s provided with the
load control mechanism 4, and the load control mechanism 4
limits an amount of tilting of the swash plate according to the
load on the hydraulic pump 10. The load control mechanism
4 limits an amount of movement of the spool 22 with a piston
40 disposed in a case 41 according to hydraulic pressure in the
main circuit 13.

Discharge rate control of the hydraulic motor 11 1s carried
out by controlling a swash plate angle of the hydraulic motor
11 through the servo mechanism 2 on the right side in FIG. 5.
The speed change lever 29 1s connected to the servo mecha-
nism 2 to operate the spool 22 of the servo mechanism 2. The
speed change lever 29 shown on the right side in FIG. S 1s a
speed change lever for the variable motor and increases and
reduces a drive speed. The maximum swash plate position
retaining mechanism 103 1s provided to bias the swash plate
of the hydraulic motor 11 to a maximum swash plate position.
Moreover, the load control mechanism 104 limits an amount
of tilting of the swash plate according to the load on the
hydraulic motor 11. The load control mechanism 104 limits
an amount of movement of the spool 22 with a piston 140
disposed 1n the case 41 according to the hydraulic pressure 1n
the main circuit 13.

Each of the load control mechanisms 4 and 104 turns the
swash plate of the hydraulic pump 10 or the swash plate of the
hydraulic motor 11 1n a speed reducing direction when at least
a set pressure 1s applied on the main circuit 13.

A check valve 203 and a pressure regulating valve 204 are
connected to the main circuit 13 connecting the hydraulic
pump 10 and the hydraulic motor 11. The check valve 203 1s
connected to a side on which the hydraulic pump 10 pumps
the hydraulic o1l 1n forward travel and the pressure regulating
valve 204 1s connected to a side on which the hydraulic pump
10 pumps the o1l 1n reverse travel. The pressure regulating,
valve 204 can set the pressure.

The hydraulic pump 10 1s formed so that output of the
hydraulic pump 10 1s different between the forward side and
the reverse side. In an embodiment, the discharge rate of the
hydraulic o1l on the forward side and the discharge rate of the
hydraulic o1l on the reverse side are different, 1.e., the rate 1s
lower on the reverse side than on the forward side.

-
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Reliel pressure of the main circuit 13 1s carried out by a
reliet set 54, and a charge pump 50 supplies the hydraulic o1l
to the main circuit 13 to prevent a shortage of the hydraulic o1l
in the main circuit 13. A selt-contained valve 205 1s disposed
between the charge pump 50 and an o1l tank to prevent the
main circuit 13 from becoming empty of the hydraulic o1l
when the engine 1s at a stop. Charge pressure of the hydraulic
01l to the main circuit 13 1s adjusted by a relief valve 55. The
charge pump 50 supplies pilot pressure to the servo mecha-
nisms 2 and the load control mechanisms 4, 104, and the
hydraulic o1l 1s supplied via a back pressure valve 206. The
back pressure valve 206 prevents back-flow of the hydraulic
o1l and relieves surplus hydraulic o1l.

The pressure regulating valve 204 1s mounted to the o1l path
plate 210 from a side and connected to the main circuit 13.
Therefore, it 1s easy to replace and adjust the pressure regu-
lating valve 204.

The check valve 203 i1s connected to the load control
mechanisms 4, 104 and supplies hydraulic o1l to pilot pres-
sure portions of the load control mechanisms 4, 104. The
check valve 203 1s connected to an o1l path that 1s a discharge
side when the hydraulic pump 10 1s on the forward side and
feed-back controls the load control mechanisms 4, 104 based
on the hydraulic o1l pressure 1n the main circuit 13 in forward
travel.

The pressure regulating valve 204 connects the main cir-
cuit 13 and the load control mechanisms 4, 104 at a reverse-
side o1l path of the hydraulic pump 10 and carries out feed-
back control when pressure applied on the pressure regulating
valve 204 reaches at least a set pressure. The pressure o1l 1s
supplied to the pilot pressure portions of the load control
mechanisms 4, 104 via the check valve 203 in forward travel
and via the pressure regulating valve 204 1n reverse travel.

Because the feedback control 1s carried out via the pressure
regulating valve 204 1n reverse travel, the feedback control in
reverse travel can be adjusted independently and it 1s possible
to easily set according to usage of the work vehicle mounted
with the transmission.

FIGS. 6(a) and 6(b) are drawings showing a structure of the
pressure regulating valve FIG. 6(a) 1s a side sectional view of
the pressure regulating valve and FIG. 6(5) 1s a sectional view
showing assembly of the pressure regulating valve.

The structure of the valve used as the pressure regulating,
valve 204 will be described.

The valve 300 1s a pressure regulating valve and 1s formed
ofaplug301, abolt303, ahard ball 302, and a spring 304. By
mounting the valve 300 to the o1l path plate 210, the valve 300
1s used as the pressure regulating valve. The valve 300 is
formed by mounting the spring 304 1n the plug 301 and the
spring 304 biases the hard ball 302 toward an o1l port of the
bolt 303. The bolt 303 1s mounted 1n the plug 301 by screwing
and hydraulic o1l mntroduced into the plug 301 is discharged
through an o1l path passing through the bolt 303. The hard ball
302 1s in contact with the o1l port on a hydraulic o1l discharge
side of the bolt 303.

Thus, when force of the hydraulic o1l introduced into the
bolt 303 and pushing the hard ball 302 becomes greater than
torce of the spring 304 pushing the hard ball, the o1l port of the
bolt 303 opens and the hydraulic o1l 1s discharged from the
plug 301 via the bolt 303. A shim 305 1s disposed between the
bolt 303 and the plug 301 to regulate the pressure.

In this way, the pressure regulating valve 204 can be
replaced easily and the pressure in the valve 300 can be
adjusted easily.

By forming the pressure regulating valve 204 as described
above, 1t 1s possible to set the hydraulic o1l pressure (load
value) at which feedback starts to be given in reverse travel.
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As aresult, feedback control according to the characteristic of
the hydraulic pump 10 can be carried out and working effi-

ciency of the reverse-side operation of the work vehicle can
be enhanced.

FIG. 7 1s a graph showing a relationship between traction
by the hydraulic stepless transmission and a vehicle speed in
forward and reverse travel.

in FIG. 7, a dotted line L1 1s a constant horsepower curve
(engine stall curve), a thick line .2 1s an HST relief curve, and
a chain line L3 1s a load control curve. By using the pressure
regulating valve 204, 1t 1s possible to carry out the HST
control according to the load control curve when a hydraulic
pump having difference in capacity between forward travel
and reverse travel 1s used.

-

I'he constant horsepower curve represents the relationship
between the traction and the speed at a constant engine out-
put. Above the constant horsepower curve, a load equal to or
higher than the output 1s applied on the engine and the engine
may stop 1n some cases. The HST relief curve represents the
characteristic when the hydraulic o1l 1s discharged by the
relief valve to protect the HS'T. If excessive pressure 1s applied
on the hydraulic o1l, the hydraulic o1l 1s relieved 1nto a drain
and part of the engine output 1s wasted.

i

T'he load control mechanisms 4, 104 are similarly used 1n
torward travel and reverse travel. In the structure 1n which the
pump capacity 1s smaller on the reverse side, a difference in
working pressure 1s provided between forward travel and
reverse travel to thereby efficiently utilize the engine output.

The pressure regulating valve 204 controls the pressure to
the pilot pressure of the load control mechanisms 4, 104 in
reverse travel to thereby carry out load control of the engine
without going beyond the constant horsepower curve in the

load control. In reverse travel, 1t 1s possible to carry out more
eificient output control.

It1s also possible to replace the check valve 203 connected
to the forward side with a pressure regulating valve 2035 to
adjust a forward-side load control curve in the HST.

FIG. 8 1s a hydraulic circuit diagram showing a structure 1n
which the pressure regulating valves are disposed on the
forward side and the reverse side.

FIG. 9 15 a graph showing a relationship between the trac-
tion and the vehicle speed 1n forward and reverse travel in the
hydraulic circuit shown 1n FIG. 8.

In FIG. 9, a dotted line L1 1s a constant horsepower curve
(engine stall curve), a thick line .2 1s an HS'T relief curve, and
a chain line L3 1s a load control curve.

By using the pressure regulating valves 2035 and 204, 1t 1s
possible to carry out the HS'T control according to the load
control curve when the hydraulic pump having difference 1n
capacity between forward travel and reverse travel 1s used and
the load control curve can be adjusted also on the forward
side. In other words, a position of L3 can be adjusted by
adjusting set pressure of the pressure regulating valve 2035.
As aresult, the load control can be carried out according to the
constant horsepower curve, power distribution between travel
and the work machine can be adjusted, and etficient operation
can be carried out.

The power distribution between travel and the work
machine can be adjusted according to the constant horse-
power curve both 1n forward travel and 1n reverse travel.

By using the valve 300 used for the pressure regulating
valve 204 also for the pressure regulating valve 2035, 1t 1s
possible to easily regulate the pressure.
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Embodiment 2

<(General Structure>

Next, a second embodiment of the invention will be
described.

FI1G. 10 1s a partially-sectional front view showing an over-
all structure of a hydraulic stepless transmission 1 embodi-
ment 2.

First, a general structure of the hydraulic stepless transmis-
sion will be described.

As shown 1n FIG. 10, 1n the HS'T, a hydraulic pump and a
hydraulic motor 11 both of which are of a variable displace-
ment type are enclosed in a housing 12. The HST 1s provided
with hydraulic servo mechanisms 2 as mechanisms for regu-
lating swash plate angles of movable swash plates of the
hydraulic pump 10 and hydraulic motor 11 to control outputs
of the hydraulic pump 10 and hydraulic motor 11, a neutral
position retaining mechanism 3 (maximum swash plate posi-
tion retaiming mechanism 103), load control mechanisms 4,

404, and the like.

Each of the hydraulic servo mechanisms 2 includes a piston
21 1n which a spool 22 1s mounted. The spool 22 1s operated
to drive the piston 21 with hydraulic pressure to thereby
control a tilted position of the movable swash plate. A side
portion of the piston 21 and the movable swash plate (not
shown) are connected by a sliding piece 25.

A pin 27 mterlocked with a speed change lever 29 1s
engaged with the spool 22 and the spool 22 1s operated
through the pin 27. Furthermore, the load control mechanism
1s also connected. The neutral position retaining mechanism 3
1s connected to the load control mechanism for operating the
hydraulic pump 10 and the maximum swash plate position
retaining mechanism 103 1s connected to the load control
mechanism for operating the motor 11.

<Hydraulic Structure>

Next, a hydraulic structure of embodiment 2 will be
described.

FIG. 11 1s a diagram showing a hydraulic circuit of
embodiment 2. The hydraulic circuit of embodiment 2 is
formed of an HST circuit 500, a servo circuit 510, and a load
control circuit 520.

Discharge rate control of the hydraulic pump 10 1s carried
out by controlling the swash plate angle of the hydraulic
pump 10 through the servo mechanism 2 on the leit side 1n
FIG. 11. The speed change lever 29 1s connected to the servo
mechanism 2 to operate the spool 22 of the servo mechanism
2. The speed change lever 29 shown on the left side in FIG. 11
1s a forward and reverse operation lever, makes a switch
between forward travel and reverse travel of the work vehicle,
and adjusts the speed of the vehicle. Furthermore, the hydrau-
lic pump 10 15 provided with the load control mechanism 4.
The load control mechanism 4 limits an amount of tilting of
the swash plate according to the load on the hydraulic pump
10. The load control mechanism 4 limits turning of the speed
change lever 29 according to hydraulic pressure in the main
circuit 13.

Discharge rate control of the hydraulic motor 11 1s carried
out through the servo mechanism 2 on the right side 1n FIG.
11. The speed change lever 29 i1s connected to the servo
mechanism 2 to operate the spool 22 of the servo mechanism
2. The speed change lever 29 shown on the right side 1n FIG.
11 1s a speed change lever for the variable motor and increases
and reduces a drive speed. Moreover, the load control mecha-
nism 404 limits an amount of tilting of the swash plate accord-
ing to the load on the hydraulic motor 11. The load control
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mechanism 404 limits operation of the speed change lever 29
with the piston 440 according to the hydraulic pressure in the
main circuit 13.

Each of the load control mechanisms 4 and 404 turns the
swash plate of the hydraulic pump 10 or the swash plate ol the
hydraulic motor 11 1n a speed reducing direction when at least
a set pressure 1s applied on the main circuit 13. A check valve
203¢ and a pressure regulating valve 2046 are connected to
the main circuit 13 connecting the hydraulic pump 10 and the
hydraulic motor 11. The check valve 203¢ 1s connected to a
side on which the hydraulic pump 10 pumps hydraulic o1l 1n
forward travel and the pressure regulating valve 2045 1s con-
nected to a side on which the hydraulic pump 10 pumps
hydraulic o1l 1n reverse travel. The pressure regulating valve
2045 can set the pressure.

The hydraulic pump 10 1s formed so that output character-
istics of the hydraulic pump 10 are different between the
forward side and the reverse side. In an embodiment, the
discharge rate of the hydraulic o1l on the forward side and the
discharge rate of the hydraulic o1l on the reverse side are
different, 1.e., the rate 1s lower on the reverse side than on the
forward side.

Relief pressure of the main circuit 13 1s controlled by a
relief set 54. A self-contained valve 203 1s disposed between
the charge pump 50 and an o1l tank. Charge pressure of the
hydraulic o1l to the main circuit 13 1s adjusted by a relietf valve
55. The charge pump 350 supplies pilot pressure to the servo
mechanisms 2 and the load control mechanisms 4, 404 and
the hydraulic o1l 1s supplied via a back pressure valve 206.
The back pressure valve 206 prevents back-flow of the
hydraulic o1l and relieves surplus hydraulic o1l. The pressure
regulating valve 2045 1s mounted to the o1l path plate 210
from a side and connected to the main circuit 13. Therefore, 1t

1s easy to replace and adjust the pressure regulating valve
2045.

In embodiment 2, the load control circuit 520 1s formed of
the load control mechamism 4 acting on the pump side and the
load control mechamism 404 acting on the motor side.

The load control mechanism 4 1s formed of an o1l chamber
4b, an o1l chamber 4c¢, a piston 40, and a spring 4d. The piston
40 has a small-diameter tip end 1nserted 1nto the o1l chamber
4b and a rear end 1nserted into the o1l chamber 4c¢. In the o1l
chamber 4¢, the piston 40 1s biased by the spring 44 toward
the o1l chamber 45. The o1l chamber 45 1s connected to the
HST circuit 500 and hydraulic pressure 1s applied to the o1l
chamber 46 according to the pressure on the discharge side of
the pump 10. Due to a difference between forces of the
hydraulic pressure in the o1l chamber 45 and the spring 44, the
piston 40 moves to act on the pump-operating servo mecha-
nism 2 1n the servo circuit 510 to reduce the load on the pump
10.

The load control mechanism 404 1s formed of an o1l cham-
ber 4045b, an o1l chamber 404 ¢, a piston 440, and a slow return
valve 405. The piston 440 has a small-diameter tip end
inserted into the o1l chamber 4045 and a rear end inserted into
the o1l chamber 404¢. The o1l chamber 4045 1s connected to
the HST circuit 500 and hydraulic pressure 1s applied to the
01l chamber 4045 according to the pressure on the discharge
side of the pump 10. Due to a difference between pressures 1n
the o1l chamber 4045 and the o1l chamber 404 ¢, the piston 440
moves to act on the motor-operating servo mechanism 2 1n the

servo circuit 510 to reduce the load on the pump 10.

The slow return valve 403 1s connected to the o1l chamber
404¢ 1n which the rear end of the piston 440 1s inserted. The
slow return valve 405 1s a one-way throttle valve and throttles
back to limit a flow rate when the hydraulic o1l 1 the o1l
chamber 404c¢ 1s discharged through the slow return valve

-
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405. When the hydraulic o1l tlows mto the o1l chamber 404¢
through the slow return valve 403, the flow rate of the hydrau-
lic o1l 1s not limited.

When the piston 440 acts toward the speed reducing side,
the hydraulic o1l 1n the o1l chamber 404 ¢ 1s discharged. There-
tore, the load control of the motor 11 toward the speed reduc-
ing side by the load control mechanism 404 can be carried out
smoothly. In this way, 1t 1s possible to prevent hunting 1n the
vehicle speed control.

The o1l chamber 4¢ and the o011 chamber 404¢ are connected
to the back pressure valve 206 and supplied with the pilot

pressure by the charge pump 50 via the back pressure valve
206.

Next, the load control mechanism 404 will be described
more specifically.

FIG. 12 1s a side sectional view showing the load control of
the pump and the motor. FIG. 13 1s a front sectional view
showing a load control mechanism of the motor.

The o1l chamber 4045, the o1l chamber 404¢, the piston
440, and the slow return valve 4035 forming the load control
mechanism 404 are disposed 1n a case 41. The case 41 1s
provided with the o1l chamber 4045 and the o1l chamber 404c¢
and mounted with the piston 440 and the slow return valve

405.

An arm 295 connected to the speed change lever 29 1s
rotatably attached to the case 41. The pin 27 attached to the
arm 295 1s inserted into an opeming portion formed at amiddle
portion of the piston 440. The piston 440 can slide with
respect to the case 41 and slides due to the difference between
the pressures 1n the o1l chamber 4045 and the o1l chamber
404¢. The piston 440 comes 1n contact with the pin 27 to
thereby adjust the position of the pin 27 for controlling the
servo mechanism of the swash plate.

Along the sliding direction of the piston 440, the o1l cham-
ber 4045, the o1l chamber 404¢, and the slow return valve 405
are disposed. The slow return valve 405 1s attached from
outside the case 41 by screwing. The slow return valve 4035 1s
disposed between the o1l chamber 404¢ and an o1l path 415 1n
the case 41 and the o1l path 415 1s an o1l path for supplying the
pilot pressure.

The tip end portion of the piston 440 mserted nto the o1l
chamber 4045 has a smaller diameter than the rear end portion
inserted into the o1l chamber 404¢. An O ring 444 1s mounted
to the rear end portion of the piston 440 so that the hydraulic
o1l 1n the o1l chamber 404¢ can pass through the slow return
valve 405 without leaking.

Next, a structure of adjustment of the position of the pin 27
by the piston 440 will be described by using FIGS. 14(a) to
14(c). FIGS. 14(a) to 14(c) are schematic diagrams showing
adjustment of the position of the pin by the piston.

When the hydraulic pressure in the o1l chamber 4045
increases due to an increase 1n the load of the HST from a state
shown 1n FI1G. 14(a), the piston 440 moves 1n such a direction
as to withdraw from the o1l chamber 4045. As the piston 440
moves, the hydraulic o1l 1n the o1l chamber 404c¢ 1s pushed out
into the slow return valve 405. Then, as shown in FI1G. 14(5),
the pin 27 comes 1n contact with an inner face of an elongated
hole of the piston 440. When the piston 440 turther moves in
such a direction as to withdraw from the o1l chamber 4045, the
position of the pin 27 1s adjusted toward the motor maximum
swash plate position. The position of the piston 440 limits a

moving range of the pin 27.

If the piston 440 moves 1n such a direction as to withdraw
trom the o1l chamber 4045, rapid movement of the piston 440
1s suppressed by throttling of the slow return valve 405. In this
way, rapid load control 1s suppressed.
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The structure of the large-diameter portion of the piston
440 will be described.

FIGS. 15(a) to 15(d) are drawings showing a large-diam-
cter portion of the piston. FIG. 15(a) 1s a perspective view,
FIG. 15(d) 1s a side view, FIG. 15(c¢) 1s a plan view, and FIG.
15(d) 1s a front view.

In the piston 440, the contact face 4405 that comes 1n
contact with the pin 27 1in adjusting the pin 27 to the maximum
swash plate position 1s positioned closer to a delay side (o1l
chamber 4045 side) from a normal position. By positioning
the contact face 44056 on the delay side, the position of the pin
2’7 can be adjusted 1n the state 1n which rapid movement of the
piston 440 1s suppressed, 1.e., the state 1n which the slow
return valve 4035 1s actuated and effective.

Because the load control mechanism 404 1s formed to be
compact and small, in a process of flowing of the hydraulic o1l
into the throttle of the slow return valve 4035 as the piston 440
1s 1nserted into the o1l chamber 404¢, a certain degree of flow
rate 1s required to make the throttle sufficiently effective.
Here, by the time the throttle becomes suificiently effective,
the piston 440 may moverapidly. Therefore, the throttle of the
slow return valve 4035 1s made effective so that behavior of the
piston 440 becomes sufficiently stable from a state in which
the piston 440 1s 1n the closest position to the o1l chamber
4045 until the piston 440 comes into contact with the pin 27.

IT a stroke of the piston 440 1s 10, a stoke of the pin 27 1s 13
and this difference of 3 in stroke 1s a movement amount d
toward the delay side shown in FIG. 15. The O ring 1s
mounted to the rear end portion of the piston 440 so that the
hydraulic o1l 1n the o1l chamber 404¢ due to the movement of
the piston 440 1s supplied to the slow return valve 4035 without
leaking. This facilitates stabilization of behavior of the piston
440 by the throttle.

Next, a structure of the slow return valve will be described.

FIG. 16 1s a drawing showing a mounted state of the slow
return valve. FIG. 17 1s a side sectional view showing an
inside of the slow return valve.

The slow return valve 4035 1s formed with a thread groove
405¢g at a central portion and 1s mounted to the case 41 by
screwing. An O ring 4035¢ 1s mounted to a tip end portion of
the slow return valve 405 and the hydraulic o1l 1n the o1l
chamber 404¢ 1s supplied into the slow return valve 405
without leaking.

The slow return valve 405 1s formed of a holder 4055, a
slide valve 410, a spring 405/, a seat 4054, and a circlip 405e¢.
The holder 40556 1s formed with an opeming portion 1n an
extending direction and the slide valve 410 1s housed in the
opening portion. The shide valve 410 1s inserted into the
holder 4055 from 1ts tip end and its rear end 1s biased by the
spring 4057. The spring 405/ 1s disposed between the shide
valve 410 and the seat 4054 and the seat 4054 1s fixed by the
circlip 405¢ mounted to a tip end of the holder 40355.

The holder 4055 1s formed with an o1l path 405/ at a middle
portion. The tip end of the slide valve 410 1s formed with an
orifice 4105 that 1s a small-diameter o1l path and a hole 410c¢
1s formed on a rear side of the orifice 4105. The slide valve
410 has an 1nner space open on a rear end side and the space,
the orifice 4105, and the hole 410c¢ fluidly communicate with
cach other. The tip end portion of the shide valve 410 1s 1n
contact with a seat face on the o1l path 405/ side and provided
to the opening portion of the holder 4055 1n a natural state
(1.e., a state 1n which pressure difference 1s not applied to the
slow return valve 405).

The slide valve 410 1s elongated 1n the sliding direction and
can slide stably in the holder 4055.

FIGS. 18(a) to 18(¢) are schematic drawings showing an
operational structure of the slow return valve. FIG. 18(a) 1s a
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drawing showing a state without pressure difference. FIG.
18(b) 1s a drawing showing a state in which the pressure 1s
high on the tip end side. FIG. 18(c¢) 1s a drawing showing a
state 1n which the pressure 1s high on the rear end side.
First, in the state without pressure difference between the
o1l chamber 404¢ and the o1l path 415 as shown 1n FIG. 18(a),
the hydraulic o1l does not flow between the o1l chamber 404c¢

and the o1l path 415.

When the hydraulic pressure in the o1l chamber 404c¢
becomes high as shown in FIG. 18(d), the hydraulic o1l flows
out into the o1l path 415 through the orifice 4105 of the slide
valve 410. In this case, the flow rate of the hydraulic o1l 1s
limited by the orifice 4100b.

Furthermore, when the hydraulic pressure in the o1l path
415 becomes high as shown in FIG. 18(c¢), the slide valve 410
moves toward the o1l chamber 404¢ due to the movement of
the hydraulic o1l, and the hydraulic o1l from the o1l path 415
flows out into the o1l chamber 404¢ through the hole 410c¢. In
this case, the flow rate of the hydraulic o1l 1s not limited.

As described above, the slow return valve 403 suppresses
rapid operation in carrying out the load control 1 such a
direction as to reduce the load on the motor 11 and therefore
it 1s possible to carry out smooth load control.

INDUSTRIAL APPLICABILITY

The mvention can be used for the hydraulic stepless trans-
mission and can be used especially for the hydraulic stepless
transmission 1n which swash plate angles of swash plates of
the hydraulic pump and/or hydraulic motor forming the trans-
mission are controlled.

The mvention claimed 1s:

1. A hydraulic stepless transmission comprising:

a variable displacement type hydraulic pump; and

a variable displacement type hydraulic motor connected to

the hydraulic pump by a hydraulic circuit,

wherein the hydraulic pump 1ncludes:

a {irst hydraulic servo mechanism for regulating swash
plate angles of movable swash plates of the hydraulic
pump to control output rotations of the respective
hydraulic pump; and

a first load control mechanism for both forward and
reverse travel and for controlling the first hydraulic
servo mechanism to a speed reducing side to turn the
swash plate of the hydraulic pump 1n a speed reducing
direction through the first hydraulic servo mechanism
when pressure 1n the hydraulic circuit 1s high,

10

15

20

25

30

35

40

45

14

wherein the hydraulic motor includes:

a second hydraulic servo mechanism for regulating

swash plate angles of movable swash plates of the
hydraulic motor to control output rotations of the
hydraulic motor; and

a second load control mechanism for both forward and
reverse travel and for controlling the second hydraulic
servo mechanism to a speed reducing side to turn the

swash plate of the hydraulic motor 1n a speed reducing
direction through the second hydraulic servo mecha-
nism when pressure in the hydraulic circuit 1s high,
and

wherein feedback pressures are introduced 1nto each of the
first and second load control mechanisms from a first
portion of the hydraulic circuit that 1s a discharge side of
the hydraulic pump 1n the forward travel and a second
portion of the hydraulic circuit that 1s a discharge side of
the hydraulic pump 1n backward travel.

2. The hydraulic stepless transmission according to claim
1, wherein a pressure regulating valve 1s provided between
both of the first and second load control mechanisms and the
first portion or between both of the first and second load
control mechanisms and the second portion to make the feed-
back pressure from the first portion, and

wherein the pressure regulating valve 1s mounted from
outside the hydraulic stepless transmission and includes
a pressure regulating member to be able to regulate set
pressure.

3. The hydraulic stepless transmission according to claim
1., wherein the second load control mechanism included in the
hydraulic motor includes:

a piston;
a first o1l chamber which 1s on one side of the piston and
into which the teedback pressure 1s introduced;

a second o1l chamber which 1s on the other side of the
piston and into which back pressure 1s introduced; and

a one-way throttle valve provided 1n an o1l path communi-
cating with the second o1l chamber to throttle discharge
of hydraulic o1l from the second o1l chamber.

4. The hydraulic stepless transmission according to claim
3, wherein the one-way throttle valve 1s of a cartridge type and
the one-way throttle valve can be directly detached from
outside the hydraulic stepless transmission.
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